Abstract Metallothionein (MT) concentrations in gill and liver tissues of Oreochromis mossambicus were determined to assess biological response of fish to levels of some metals. Metal concentrations in gill and liver tissues of O. mossambicus ranged from 0.6 to 2.6 for Cd, 16 to 52 for Zn, 0.5 to 17 for Cu and 2 to 67 for T-Hg (all in lg/g wet weight, except for T-Hg in ng/g wet weight). Accumulation of Cd, Zn, Cu and Hg (lg/g wet weight) in the liver and gills of O. mossambicus were in the order of liver [ gills. The concentrations of Cd, Zn, Cu and Hg in fish tissues were correlated with MT content. The increases in MT levels from the reference area Puchong Tengah compared to the polluted area Kampung Seri Kenangan were 3.4-and 3.8-fold for gills and livers, respectively. The results indicate that MT concentrations were tissue-specific, with the highest levels in the liver. Therefore, the liver can act as a tissue indicator in O. mossambicus in the study area.
Pollution is a key environmental threat to aquatic ecosystem (Linde-Arias et al. 2008a) . Heavy metals are a major concern because of their multipurpose usage, toxicity, resistance to degradation and tendency to bioaccumulate (Kaushik et al. 2009 ). Heavy metals in water, sediment and biota are a significant topic of concern to scientists in various fields related to water quality and to public health (Naji et al. 2010 ). Input of natural or anthropogenic metals has consequences for biochemical cycles, temporal and spatial distribution patterns and their bioavailability to organisms, and eventually to human health (Luoma and Rainbow 2008) .
Most commonly discussed candidate to be a specific biomarker for trace-metal exposure at biochemical level is expression of cytosolic detoxificatory protein Metallothionein (MT), which is induced by and binds to particular trace metals, such as Cu, Cd, Hg, Zn and Ag (Luoma and Rainbow 2008; Viarengo et al. 1997) . MTs are non-enzymatic proteins of low molecular weight (6-8,000 Da), high cysteine content (20 %-30 % from all amino acids) and good heat stability (Luoma and Rainbow 2008; Viarengo et al. 1997) . MTs are involved in several metabolic functions, including homeostasis, regulation of essential trace metals and detoxification of both essential and non-essential trace metals (Amiard et al. 2006 ). These proteins have been associated with significant cellular protective processes, such as inactivation of hydroxyl radicals and protection against immunotoxins, hematoxins and nephrotoxins (Escobedo-Fregoso et al. 2010) . Given these characteristics, MT has been suggested as a biomarker for heavy-metal pollution. The induction of MT is a dependable response to metal contamination (Amiard et al. 2006) . Determination of MT concentrations alone can sometimes be misleading. Therefore, with careful experimental design, mainly choice of species and tissues to be analysed, MT concentration can be a highly reliable biomarker, indicating that a cell is responding to increased exposure to trace metals (Amiard et al. 2006) .
Fish communities respond significantly and predictably to most kinds of anthropogenic disturbance, including eutrophication, acidification, chemical pollution, flow regulation, physical habitat alteration and fragmentation, human exploitation and introduced species (Li et al. 2010; Ormerod 2003) . More importantly, fish species are at top of aquatic food chain and may directly affect the health of humans, which highlights the significance of biomonitoring using fish (Zhou et al. 2008) . MTs are present in all tissues, but gills and liver are generally the organs most surveyed for MT induction in fish, given their role in metal uptake and bioaccumulation/detoxification, respectively (Costa et al. 2008) . MT in tilapia has been widely investigated at toxic levels (Linde-Arias et al. 2008b) , and a few studies have also used it as a biomarker for environmental monitoring (Linde-Arias et al. 2008a; Wong et al. 2000) . Also, a few studies have been carried out on fish to examine MTs' possible role in the intracellular homeostasis of essential elements and the detoxification of non-essential elements (Chan 1995) . Since bony fish represent the largest class of highly diversified vertebrates in aquatic environment, considerable efforts should focus on the use of MT for biomonitoring metal contamination in fish (Chan 1995) .
This study was conducted to assess effectiveness of using MT as a biomarker for metal stress in black tilapia [Oreochromis mossambicus (O. mossambicus)], in contrast to concentrations of Cu, Pb, Cd and Hg metals in liver and gill tissues of fish.
Materials and Methods
In one of the most rapidly developing regions in Malaysia, the Klang River flows through Kuala Lumpur and the Klang Valley and eventually drains into the Straits of Malacca. This area was chosen for the present study because it is situated in a very urbanized and heavily populated area, with more than 4.4 million people (16 % of the national population). It drains into the one of the busiest international shipping lanes.
At each sampling site (Fig. 1) , 20-25 black tilapia (O. mossambicus) were caught with a gill net. Fish were transported alive to the laboratory and held in water containing 100 mg/L of general anaesthetic, methanesulfonate salt of 3-aminobenzoic acid ethyl ester (MS222). Lengths and weights of the specimens were recorded while they were drowsy, and then they were decapitated (Creti et al. 2009 ). The organs, e.g. liver and gills, that we required to test for their MT content were divided into two parts (for metals measurement based on wet weight and MT content) and stored at -80°C (Creti et al. 2009 ). The tissues were rinsed with distilled water to remove adhering blood, particles and other contaminants. In addition, for metals measurement based on wet weight, all dissected tissue parts had excess water removed by squeezing the samples with Whatman No. 1 filter paper (diameter: 110 mm; Schleicher and Schuell, Whatman International Ltd, Maidstone, England) and were again dried at room temperature for another 30 min to minimize the moisture content prior to acid digestion. For metal (Cu, Zn and Cd) analyses, about 0.5-1 g of biological samples were digested in 10 mL solution of mixtured HNO 3 (AnalaR grade, R&M 65 %) and HClO 4 (AnalaR grade, R&M 70 %) in the ratio of 4:1(v/v), into a pre-heated block digester at low temperature (40°C) for 1 h and then at 140°C for 3 h (Ismail and Ramli 1997 ). The digested samples were then diluted to 40 mL with double-distilled water (DDW) and filtered through Whatman No.1 filter paper into pre-cleaned 50 mL volumetric flasks. Analyses of Cd, Cu and Zn in the biological samples were determined using a flame atomic absorption spectrophotometer (FAAS), a Perkin-Elmer AAnalyst 800. Total mercury (T-Hg) in the biological samples was analyzed by a heat vaporization method. This was done using a direct mercury analyser (MA-1S). The analytical method was validated according to the USEPA protocol (USEPA 1998). The measurements were carried out on 0.1-0.2 g of biological samples. Two different types of additives (activated alumina and calcium hydroxide) were used to minimize effects of measurement interruptive materials in the sample.
Samples of liver and gills were removed from ten O. mossambicus for evaluation of their MT level following the method mentioned by (Viarengo et al. 1997; Acker et al. 2005) . The tissues were pooled and homogenized and about 1 g of tissue was put in a buffer solution of 0.5 M sucrose, 20 mM Tris-HCl (pH8.6), 0.006 mM leupeptin, 0.5 mM PMSF (phenylmethylsulphonylfluride) and 0.01 % b-mercaptoethanol, and then centrifuged for 20 min at 30,000g at 0°C. One milliliter of the supernatant was purified with 1.05 mL of chilled (on ice) ethanol and 80 lL chloroform and then centrifuged for 10 min at 6,000g at 0°C. Then, 40 lL of concentrated HCl and 6 mL of cold ethanol were added and the proteins were allowed to denature for 1 h at -20°C. This mix was then centrifuged for 10 min at 6,000g at 0°C. The supernatant was discarded and 1 mL of the previously described buffer solution, 6 mL cold ethanol and 80 lL chloroform, was added before centrifuging for 10 min at 6,000g at 0°C. We discarded the supernatant and dried the pellet with N 2 gas. We resuspended the pellet with 150 lL of 0.25 M NaCl and150 lL of 1 N HCl with 4 mM EDTA. After resuspension, we added 4.2 mL of a solution containing 2 M NaCl, 0.43 mM DTNB (5,5-dithiobis-2-nitrobenzoic acid) and 0.2 M NaH 2 PO 4 (pH 8.0), and this was centrifuged for 5 min at 3,000g. The supernatant was analyzed at 412 nm in a spectrophotometer. The results were compared to a GSH (glutathione) calibration curve. After conversion, the units were presented in lg/g for biological samples. The wavelengths used were 228.8, 213.9 and 324.8 for Cd, Cu and Zn, respectively.
To preclude uncertain contamination, all the laboratory equipment used was washed with phosphate-free soap, double rinsed with distilled water (DDW) and left in 10 % HNO 3 for 24 h, and all equipment was then rinsed twice with double distilled water and left semi-closed to dry at room temperature. The solutions were prepared using Milli-Q water. Calibration curves for Cd, Cu and Zn were determined with 1,000 mg/L (BDH Spectrosol Ò ) stock solution. Also, calibration curves for mercury (Hg) were drawn by preparing two appropriate dilutions of stock water solution (1,000 mg/L) Hg ? in 2 % HNO3. And a blank calibration solution was used for zero calibration. The blank was prepared by using an acid solution without a sample, at the same time as performing the procedure for acid digestion. The detection limit of the FAAS for Cd, Cu and Zn was 0.009, 0.007 and 0.01 lg/g, respectively. And the detection limit of mercury analyser (DMA-1S, Japan) for Hg was 0.01 ng/g. At all times, the readings of the blanks were below the detection limits. The analytical performance of the measurements for the metals studied was checked using dogfish liver DOLT-3 from the National Research Council Canada (NRCC) for biological samples as a precision check. The agreement between the analytical results for the reference material and its certified values for each metal was satisfactory. All statistical analyses were computed using statistical package for social science (SPSS) version 16 and graphs were drawn with Microsoft Excel for Windows. All statistical significances were assessed with p \ 0.05. Pearson's correlation was applied to determine correlation between variables (metal concentrations and MT content). To determine significant differences for different organs of O. mossambicus, a oneway analysis of variance (ANOVA) and a Student-Newman-Keuls (S-N-K) test were employed. Data were checked with homogeneity of variance test.
Results and Discussion
Metal (Cd, Zn, Cu and Hg) concentrations (lg/g wet weight) in the livers and gills of O. mossambicus, from six locations with different levels of pollution in the Klang River, were measured. Overall, metal concentrations in gill and liver tissues of O. mossambicus ranged from 0.6 to 2.6 for Cd, 16 to 52 for Zn, 0.5 to 17 for Cu and 2 to 67 for THg (all in lg/g wet weight, except for T-Hg in ng/g wet weight). Accumulation of Cd, Zn, Cu and Hg (lg/g wet weight) in the liver and gills of O. mossambicus were in the order: liver [ gills. The measured levels of the heavy metals studied in the gills and liver are reported in Fig. 2 . The reference site, Puchong Tengah, is located in a rural area which is sparsely populated and non-industrialized, while the remaining stations are polluted with different sources of heavy metal contamination (domestic and industrial discharges). High metals concentration could be related to different types of anthropogenic discharged from direct influx of domestic wastes and insufficiently treated industrial wastes in vicinity of the Klang River. Main sources of heavy metal input into the Klang River are manufacturing industry, agriculture and animal husbandry, agro-based industries and urbanization activities. There have been detailed discussions on the distribution of heavy metals in the Kang River Ismail 2011a, b, 2012; Naji et al. 2010) . Present study demonstrates that distribution, potential bioaccumulation and elimination of Cd, Zn, Cu and Hg in the gills and livers of O. mossambicus vary and all the elements studied, except Cd, accumulate in the liver. The gills play a primary role in Cd uptake from water and this can reach relatively high concentrations when Cd enters a fish's body via this exposure route (Creti et al. 2009 ). In addition, our result shows that high concentrations of the metals studied in the liver and gills were found in polluted areas, while Puchong Tengah as a reference site had the lowest concentrations of elements studied, in both livers and gills. Biomarkers have been used extensively to evaluate biological effects in environmental quality assessment. There are various types of biomarkers that have been employed worldwide to evaluate effects of contaminants on aquatic organisms. In the present study, we used MT content as a biomarker in tilapia (O. mossambicus) to determine the exposure to and effects of anthropogenic inputs of metals ions among impacted and reference sites along the Klang River.
Few previous studies have used MT as a biomarker for environmental monitoring in this fish species (Wong et al. 2000) . MTs are present in all tissues, but the gills and liver are the organs most usually surveyed for MT induction in fish, due to their role in metal uptake and bioaccumulation/ detoxification, respectively (Costa et al. 2008) . MT content was measured in the gills and livers of O. mossambicus in the studied area. MT content is shown in Table 1 . Order of MT content was liver [ gills for all six locations of O. mossambicus. ANOVA results show that statistically significant (p B 0.05) differences in O. mossambicus among the six stations were found for MT content in fish livers (Table 1) . Moreover, the results indicated that MT content of liver and gills was significantly (p \ 0.05) higher at Kampung Seri Kenangan, the most contaminated area, than at other stations. Fish from Puchong Tengah presented the lowest levels of MT, significantly different from the other sites. The increases in MT levels from the reference area Puchong Tengah compared to the polluted area Kampung Seri Kenangan were 3.4-and 3.8-fold for gills and livers, respectively. And also, Pearson's correlation was applied to determine the possible relation between studied metals and MT content. The result indicated that studied metals (Cd, Zn, Cu and T-Hg) in gill have a positive significant association with MT content in gill (r = 0.62, 0.70, 0.50, 0.31; p \ 0.05, respectively) . Similarly in liver, there was a significant positive correlation between Cd (r = 0.33; p \ 0.05), Zn (r = 0.92; p \ 0.05), Cu (r = 0.92; p \ 0.05), T-Hg (r = 0.75; p \ 0.05), and MT content. Assessment of MT content applied in the present study shows clear differences in the health of fish between reference site and those potentially contaminated by human activity. Puchong Tengah was shown to be a good reference area, with low pollution effects, according to the biomarkers used. PWTC, Ulu Klang and Gombak Jaya, with high levels of domestic discharge, were shown to be affected by metals. The heavily industrialized areas of Kampung Seri Kenangan and Kota Permai were shown to be most affected by metals contamination. Notably, concentrations of metals studied in fish tissues correlated with MT content. The results show that MT concentrations were tissue-specific, with the highest levels in the liver, followed by the gills. Similar results were reported by Ghedira et al. (2010) , who found a high correlation between Cd and Cu accumulations and MT induction in the livers of Sparus aurata. And also, our results accord with the results of study on MT content in eel (Anguilla anguilla) and Persian Sturgeon (Acipenser persicus) which indicated MT content in the order of liver [ gills (Shariati et al. 2010; Urena et al. 2007 ). According to our findings, the studied metals content of liver increased more than gills. Moreover, the results identified that synthesis of MT was observed in liver and gills, but gills showed to be less able to synthesize MT proteins. It seems that liver is the first organ for detoxification (Shariati et al. 2010 ). Study of MTs as a biomarker suggests that there is a positive correlation between Cd, Zn, Cu and Hg contamination and MT production in O. mossambicus. Pearson correlation showed that the MT content in liver was significantly correlated with the metals concentration, the value of which was more than in gills. This trend might strengthen the introduction of liver as an indicator tissue of O. mossambicus for metals contamination. Also, higher heavy metal concentrations and MT levels prove the role of MTs in metal homeostasis and detoxification. MT content, therefore, can act as an effective biomarker for metal stress in O. mossambicus. Overall, MT could be considered as a sensitive biochemical indicator in ecotoxicological studies, and response of this parameter in liver of O. mossambicus could be a useful indicator of metals contamination.
